Stricture formation is recognized as one of the complications of chronic radiation enteritis. Here, we present a case of a 73-year-old woman who presented with small bowel obstruction 16 years after pelvic irradiation for uterine cancer. Computed tomographic (CT) scan of the abdomen demonstrated a 1-cm foreign body in the terminal ileum. Laparotomy revealed a stone of ume (Japanese apricot) stuck in an ileal stricture, leading to complete impaction and perforation. She was successfully treated with ileocecal resection and ileocolic anastomosis without any complication. Pathological study revealed that the low compliance caused by fibrosis of the bowel wall prevented the small ume stone from passing through the irradiated ileum. Our case implies the specific risk of food-induced small bowel obstruction in patients with a history of pelvic irradiation.
Introduction
Currently, 60% of small bowel obstructions are accounted for by adhesions with a great increase in elective abdominal surgery from the late 20th century. The remaining causes include hernias 15%, neoplasms 6%, inflammatory causes 5%, mesenteric vascular occlusions 5%, intussusception 3%, and unusual etiology such as foreign bodies 6% [1] .
On the other hand, since first described in 1897, radiation is well known to have toxic gastrointestinal effects [2] . Among them, stricture formation is recognized as one of the complications of chronic radiation enteritis. It is easily conceivable that intestinal narrowing can be a contributing factor to the obstruction by foreign bodies.
Here, we present a case of a 73-year-old woman who presented with small bowel obstruction 23 years after pelvic irradiation for uterine cancer. It was the stricture caused by fibrosis of the bowel wall that prevented the accidentally swallowed small ume stone from passing through the irradiated ileum.
Case Report
A 73-year-old woman, who had undergone total hysterectomy and pelvic radiation therapy with a total dose of 50 Gy for uterine cancer 23 years earlier, was hospitalized for nausea and abdominal fullness. She had other past history including iliac artery occlusion presumably due to radiation and rheumatoid arthritis which had been treated with 5 mg of predonisolone per day for 23 years.
On examination her abdomen was distended without guarding or rebound tenderness. Bowel sounds were increased and tinkling. The hernial orifices were normal. Temperature was 36.9°C, pulse 66 beats/min, and blood pressure 120/58 mm Hg. Laboratory studies revealed a high white blood cell count of 11,500/mm 3 and a low albumin level of 2.5 mg/dl. X-ray showed small bowel dilatation, suggesting mechanical obstruction. CT scan of the abdomen and pelvis showed a nut shell-like high-density structure in the small bowel ( fig. 1) . The patient said that she had accidentally swallowed a kernel of ume (Japanese apricot) a few days prior to the onset of the symptom. She was subjected to surgery with a diagnosis of food-induced intestinal obstruction.
At laparotomy, we found impaction of a solid stone (13 × 18 mm) causing perforation of the sclerosed ileum with a whitish appearance, 50 cm proximal to the ileocecal valve ( fig. 2a ). Ileocecal resection was performed and she made an uneventful recovery. The resected ileum showed severe luminal stenosis and had two mucosal ulcerations corresponding to the protrusions of the ume seed, one of which resulted in a pin-hole perforation ( fig. 2b ). Histopathologic examination of the resected ileum with stricture (10 cm distal to the perforation area) showed fibrosis of the lamina propria ( fig. 3a , arrow) and moderate submucosal edema. Villous shortening and flattening were also prominent. These histopathological features were consistent with the diagnosis of chronic radiation enteritis. Figure 3b shows severe inflammation and mucosal ulceration of the perforation area 50 cm proximal to the ileocecal valve. It is considered that radiation-induced fibrosis reduced the compliance of the ileal wall, which prevented passage of the small ume stone.
Discussion
Radiation enteritis generally affects the distal ileum, sigmoid colon and rectum [3] because the pelvic region is the most frequent target of radiotherapy for tumors such as gynecologic cancer. In the acute phase, radiation mainly affects the intestinal epithelium [4] and induces edema, hyperemia and ulceration, leading to severe diarrhea. In contrast, chronic radiation damage is caused by progressive endarteritis obliterans involving the submucosal and serosal layers [5] , followed by segmental ischemia of the bowel wall and replacement by hyaline fibrous tissue that often results in obstructive symptoms.
The incidence of chronic radiation enteritis depends on the size of the irradiated field and the total dose [6] . It has been reported that clinical manifestations of chronic injury to the intestine occurred in 20 to 30% of cases treated with 50 to 60 Gy and one third or more of those treated with more than 60 Gy [7] . Our patient received 50 Gy to the whole pelvis, a typical dose for uterine carcinoma. The latent period of these manifestations may range from 6 months to 25 years [8] . Our patient experienced no gastrointestinal symptoms for 23 years after irradiation, although she developed iliac artery stenosis possibly caused by the same mechanisms.
In our case, the rigid wall and stricture formation as well as histological findings in the terminal ileum were compatible with chronic changes after irradiation. The accidentally swallowed ume stone became stuck in the stricture in the ileum, causing ulceration and finally perforation. A literature search revealed numerous reports about phytobezoars, which are the common cause of food-induced obstruction, but none made mention of an association with radiation enteritis. However, there are 5 case reports of food-induced small bowel obstruction with radiation enteritis in the Japanese literature. Interestingly, all 5 cases were caused by a single ume stone. Pickled ume, a traditional Japanese food often served with rice as a relish, is especially eaten by the Japanese elderly. The size of the seeds ranges from approximately 0.8 to 2 cm in diameter, which usually pass through the whole bowel even when swallowed. However, our case suggests that the low compliance caused by pathological changes did not allow the ingested ume stone to pass through the irradiated ileum.
Complications of chronic radiation enteritis present a significant clinical problem because of technical difficulties in surgical treatment. Therefore, in cases with obstruction, conservative treatment consisting of intravenous fluids and nasogastric tube decompression is generally recommended at first. However, resection of ischemic and fibrotic bowel is necessary for patients like our case with food impaction. It is controversial whether bowel reconstruction should be performed at the same time or whether judicious stoma formation should be performed to avoid anastomosis leakage, since wound healing is considered to be impaired in irradiated bowel [9] . Galland et al. suggested the advantage of treatment of terminal ileal lesions by right hemicolectomy and ileo-transverse anastomosis [10] . In fact, in patients with pelvic radiotherapy, the ascending, transverse and descending colon are usually free from radiation and are preferable sites for anastomosis. Nowadays, resection with primary anastomosis is generally favored if anastomosis can be performed in uninvolved intestine. In our case, we selected ileo-cecal resection, and anastomotic leakage did not occur despite malnutrition and the regular use of steroids.
In conclusion, when elderly with a past history of pelvic radiation therapy present with small bowel obstruction, the possible influence of late radiation injury to the intestine should be considered. The patient should be carefully interviewed about ingested material because even small objects can become stuck in a stricture in the ileum. When surgical management is required, anastomosis should be performed in bowel free of radiation injury. 
